The purpose of this study was to investigate factors affecting brand awareness of virtual advertising in sports. Specifically, the study tested the effects of animation, repetition, baseball involvement, and team identification. An experiment using two Latin square designs was conducted to assess the effects of these factors on awareness levels. Results indicated no effect of animation, while effects of repetition, baseball involvement, and team identification were found to affect viewers' cognitive responses. Managerial implications, limitations, and future research are discussed.
home plate in baseball). Those watching the broadcast from their homes are exposed to the communication content; however, the message cannot be seen by event attendees because it is electronically generated, or digitally inserted, within the broadcast. Virtual advertising offers some advantages over conventional advertising media (see Turner & Cusumano, 2000) . Virtual advertising does not allow viewers to skip through advertisements as they are placed within the sport broadcast. Likewise, virtual advertising firms can insert logos anywhere on the screen, seemingly leading to greater brand exposure. Another advantage includes the fact that virtual advertisements can be animated.
Because these unique advantages of virtual advertising pose important marketing questions with respect to its effectiveness on cognition of consumers, greater understanding of this specific medium seems warranted. Therefore, the purpose of this study was to empirically assess consumers' brand awareness levels as well as factors affecting them with brands virtually inserted within a sport broadcast.
Relevant Literature Review
Brand awareness has been an important and often used construct for researchers assessing advertising and sponsorship effectiveness (e.g., Johar, Pham, & Wakefield, 2006; Keller, 1993 Keller, , 2003 Keller, , 2008 Lardinoit & Derbaix, 2001; Macdonald & Sharp, 2003; Sandler & Shani, 1993) . Keller (1993 Keller ( , 2008 pointed out that brand awareness, or consumers' ability to recall and recognize a brand from memory, is an important factor in the consumer decision-making process. For example, it is important that consumers are able to retrieve the name of the brand when they think of a particular product category. He argued that consumers are seldom loyal to a brand; instead they possess a certain set of brands, a consideration set, when they make a purchase. Brands in the consideration set benefit from its presence as recall of the brand sometimes inhibits recall of other brands in the product category (Nedungadi, 1990) .
In addition, brand awareness is important as it alone can affect consumers' decisions about brands in a consideration set (Keller, 1993) . This is especially true for low-involvement products (e.g., soap) as consumers are likely to minimize their decision-making efforts (Keller, 1993 (Keller, , 2008 . Consumers attempt to save time and cognitive effort, by selecting a brand they know (Macdonald & Sharp, 2003) or with which they are familiar (Aaker, 1991) .
Brand awareness is also a necessary step for creating an association with the image of a brand. Without awareness of a brand, no other form of communication effects (e.g., brand attitude, brand images, and brand experience) can occur (Aaker, 1991; Keller, 1993 Keller, , 2003 Keller, , 2008 Macdonald & Sharp, 2003) . Keller (1993 Keller ( , 2003 Keller ( , 2008 explained that in addition to brand awareness, these effects comprise brand knowledge and they serve as the source of brand equity.
Since brand awareness has been linked to key variables in building brand equity, it seems important for sport marketers to obtain a better understanding of virtual advertising and factors that affect this construct. In this study, an attempt is made to examine the possible effects of animation, repetition, baseball involvement, and team identification. Animation and repetition have been reported to increase brand awareness levels in other marketing media (e.g., Danaher & Mullarkey, 2003; Drèze & Hussherr, 2003; Grohs, Wagner, & Vsetecka, 2004; Hong, Thong, & Tam, 2004) ; however, these two constructs have received minimal attention in previous studies in virtual advertising. Previous research has also called for further exploration of the virtual advertising effects of animation and repetition on brand awareness . Likewise, sport involvement (i.e., baseball involvement) has been reported to influence brand awareness (e.g., Lardinoit & Derbaix, 2001; Levin, Joiner, & Cameron, 2001) . Similarly, team identification has been linked to support behaviors (e.g., attitudes, purchase intentions) by its fans (e.g., Fisher & Wakefield, 1998; Madrigal, 2000 Madrigal, , 2001 . Therefore, each of these brand awareness antecedents is primary to the focus of this investigation.
Animation
Consumer recall of television commercials has decreased in the past couple of decades (du Plessis, 1994) . This is arguably due to the notion that those watching them have begun to pay less attention because they are inundated with unwanted messages (du Plessis, 1994) . With increased levels of clutter, especially in sport broadcasting, advertisers have sought more creative methods to reach and communicate with their target markets (Mullin, Hardy, & Sutton, 2007) .
Virtual technology has been used as a new and creative communication vehicle used by advertisers to cut through clutter and reach targeted markets (Mullin et al., 2007) . For example, virtual technology allows the insertion of animated brand logos into a live broadcast. This places the brand into the live sport broadcast and oftentimes into a primary viewing location on the screen. Broadcast firms have used virtual advertising technology since the 1990s, and more recently these firms have used animation effects in live broadcasts (e.g., the 2006 World Baseball Classic). According to Wertheim's (1998) report, brands virtually inserted via onfield signage were twice as likely to be recalled than brands from traditional 30-s commercial spots.
When an individual encounters an unexpected stimulus in a familiar setting (e.g., animation effects in sport broadcasts), the unexpected stimulus tends to capture attention making it relatively visible (Johnston, Hawley, Plewe, Elliott, & DeWitt, 1990; Reicher, Snyder, & Richards, 1976) . Researchers have illustrated that novelty and visual prominence increases attention in a variety of settings, including advertising (Till & Baack, 2005) . In online advertising, Li and Bukovac (1999) found that animated banner ads, in comparison with still banner ads, were quickly identified and better recalled. Other researchers have demonstrated that increased attention leads to greater levels of both unaided (Rosbergen, Pieters, & Wedel, 1997) and aided recall (Rajaram, Srinivas, & Travers, 2001 ). However, Drèze and Hussherr (2003) found contradictory results when assessing online banner advertising. Their eye-tracking study found that peripheral information was not attended to, and animating the banners did not increase awareness of them. Similar results of ineffectiveness of animated online banners on memory have been reported by Bayles (2002) .
Although researchers have reported mixed results regarding the effect of animation on consumers' attention and awareness levels, the effect seems to vary under different conditions (Hong et al., 2004) . Greenwald and Leavitt (1984) cited that if the novel stimulus is repeatedly presented, individuals probably reduce the attention they give elsewhere and the effectiveness of the stimulus would likely decrease (i.e., habituation). On the other hand, Pechmann and Stewart (1990) reported that consumers required more exposures to comprehend novel and complex advertising content. Thus, with the increasing presence of virtual advertising in sport settings, it seems appropriate to investigate the effects of animation on brand awareness levels.
Research Question 1: What are the effects of animation on brand awareness levels of virtual advertising?
Repetition
An advantage of stadium signage is the potential for repeated exposure within a television broadcast (Nebenzahl & Hornik, 1985) . Virtual advertising allows brand logos to be uniquely placed at or on different surfaces of the broadcast, and for this reason, receive substantial repeat exposure during the broadcast. Therefore, investigating the repetition effects of virtual advertising seems warranted. Research regarding the effects of repetition on advertising effectiveness has been well established using other media (e.g., Cacioppo & Petty, 1979; Danaher & Mullarkey, 2003; Pechmann & Stewart, 1988; Singh & Cole, 1993 ).
An important aspect of advertising repetition research with any type of communication media is the concept of "wear-in" and "wear-out" (Pechmann & Stewart, 1988 ). An ad is said to have "worn-in" when viewers perceive the ad to have a significant positive effect on them. On the other hand, "wear-out" occurs when the viewers are no longer affected or when an ad creates a negative effect by being seen too frequently.
In regard to recall, researchers have suggested "wear-in" usually occurs immediately after an exposure to advertising (Cacioppo & Petty, 1979; Pechmann & Stewart, 1988; Ray & Sawyer, 1971) . Consumer recall of advertising increases with the number of exposures until a "wear-out" occurs, which is said to be approximately six times (Pechmann & Stewart, 1988) . Ray and Sawyer (1971) , assessing print advertising, found a linear relationship between the number of exposures and percentage of recall. However, this recall eventually flattened due to a ceiling effect after the fourth exposure (Ray & Sawyer, 1971) . Singh and Cole (1993) reported a similar result from their investigation of television commercials. They found that repetition significantly influenced subjects' recall rates between one and four exposures, but no effects were detected between four and eight exposures. Studies exploring repetition effects on recognition measures have reported similar results. Singh and Rothschild (1983) noted that recognition scores rose with the number of repetitions (1, 2, and 4) and with the length of television commercials. In an online advertising setting, repeated exposure to banner ads increased viewers' awareness levels (Danaher & Mullarkey, 2003; Drèze & Hussherr, 2003) . Within sponsorship effectiveness studies, Grohs et al. (2004) found that more exposure to sponsorship signage increased recall levels.
In the verbal learning literature, high repetition of words produces high recall rates, but the same high repetition hinders recognition rates (Gregg, 1976) . Gregg (1976) contended that recognition rates are better for low frequency words. Lynch and Srull (1982) argued that subjects cannot discriminate whether they had seen the word in reality or in an experimental setting. In another study, Pham (1991) found that an increase in exposure time was not predictive of recognition rates of sponsorship signage. Cianfrone et al. (2006) investigated the brand awareness levels of virtual advertising in a football setting. However, this exploratory field study failed to account for repetition effects on the sample, a limitation suggested by these scholars as a foundation for further research. For these reasons, it seems appropriate to investigate the effects of repetition of virtual advertising on levels of brand awareness.
Research Question 2: What are the effects of repetition on brand awareness levels of virtual advertising?
In addition, when coupled with an eye-attracting effect such as animation, repetition of such signage is likely to create an interaction of these two variables, resulting in greater consumers' awareness levels. Therefore, we propose the following research question.
Research Question 3: What are the interactive effects of animation and repetition on brand awareness levels of virtual advertising?
Baseball Involvement
The involvement construct has been widely studied by sport marketing scholars in an effort to better understand sport consumer behavior (e.g., Hill & Green, 2000; Iwasaki & Havitz, 2004; Shank & Beasley, 1998) . Involvement is known to influence future attendance of sport events (Hill & Green, 2000; Shank & Beasley, 1998) , greater sport media consumption (Shank & Beasley, 1998) , and loyalty to an organization (Iwasaki & Havitz, 2004 ). In addition, several studies have been conducted with regard to effects of involvement on consumers' cognitive responses (i.e., recall and recognition) in a sport setting (e.g., Celsi & Olson, 1988; d'Ydewalle, Abeele, Rensbergen, & Coucke, 1988; Grohs et al., 2004; Lardinoit & Derbaix, 2001; Lascu, Giese, Toolart, Guehring, & Mercer, 1995; Levin et al., 2001; Meenaghan, 2001; Pham, 1992; Tavassoli, Shultz, & Fitzsimons, 1995) . These brand awareness studies have suggested that involvement is predictive of correctly identifying sponsors at an event (Grohs et al., 2004; Lascu et al., 1995; Meenaghan, 2001) , which eventually leads to greater positive attitude toward the sponsors (Meenaghan, 2001) . As previous literature in consumer behavior has indicated, involvement is the perceived personal relevance of a target to an individual (Celsi & Olson, 1988 , Zaichkowsky, 1985 . Celsi and Olson (1988) have suggested that involvement activates one's knowledge (i.e., ability) in memory. This activation of knowledge, in turn, creates a motivational drive that could potentially stimulate an individual's cognitive behavior, such as attention and comprehension processes. Celsi and Olson (1988) studied the effect of involvement on attention and comprehension processes. They found that greater involvement led to subjects attending to advertisements, cogni-tively processing the advertisements, and engaging in more elaborate thinking. In addition, according to Mitchell (1981) , involvement has two properties, intensity and direction. In this regard, intensity refers to the level of involvement (e.g., high-low), and direction involves the focus of their attention (e.g., directed at the game or other peripheral information).
Another important concept within the involvement construct is the classification into situational involvement (SI) and enduring involvement (EI). SI refers to the temporary involvement that an individual experience in a particular situation, while EI refers to a consumer's long term, strongly held interest toward a product (Richins & Bloch, 1986) . In a sport setting, an individual's SI may fluctuate depending on the progress and outcome of the game; however, an individual's EI will not likely be altered just because his/her favorite team is winning or losing. Although previous research has identified effects of SI on brand awareness levels (e.g., Pham, 1992; Tavassoli et al., 1995) , since this study was conducted in an experimental setting, it seems more appropriate to focus on EI rather than on SI. Therefore, only EI was used in the study.
With regard to this study, EI with baseball should greatly affect participants' information processing of advertising stimuli. Individuals exhibiting low levels of EI are likely to have a low motivational state. These individuals would most likely have their attention divided between actual game and peripheral information (e.g., stadium signage) with minimum ability to process information. As the degree of EI increases, individuals are likely to allocate more attention to the overall game, and greater processing capacity would be allocated to elaborative thinking of the game (Celsi & Olson, 1988; MacInnis & Jaworski, 1989) . This implies, in a sport context, that highly involved fans may pay closer attention to the game and elaborate on the information collected with their knowledge held in memory. This process may shut out any peripheral information that would distract from their viewing experience. d 'Ydewalle et al.'s (1988) study found that more involved soccer fans spent less time looking at the billboards in a broadcast.
Other researchers have reported mixed results of the effect of fan involvement on recognition rates. Levin et al. (2001) investigated viewers' recall and recognition of NASCAR sponsors. Their recall and recognition rates of on-car advertisements were higher for highly involved fans than for less involved fans. Similarly, Lardinoit and Derbaix (2001) found that EI increased both unaided recall and recognition; however, the practical significance was minimal. With the use of virtual advertising and its capability of placing a brand logo on any surface of the broadcast, the construct of involvement casts additional questions with respect to its impact on awareness levels.
Research Question 4: What are the effects of baseball involvement on brand awareness levels of virtual advertising?
Team Identification
Another factor potentially affecting the awareness of virtual advertising is a fan's identification with a team. Studies of team identification in a sport setting have mainly focused on potential effects of this construct on event attendance, support behaviors, and consumption behaviors (e.g., Fisher & Wakefield, 1998; Madrigal, 2000 Madrigal, , 2001 Sutton, McDonald, Milne, & Cimperman, 1997; Wann & Branscombe, 1993 ). Yet, there has been a dearth of research linking team identification to brand awareness.
Identification with an entity is grounded in social identity theory. Social identity theory is the classification of people into various social categories according to an individual's categorization schemas (Tajfel & Turner, 1986) . This segmentation (a) allows an individual to cognitively classify and systematically define people, and (b) enables the individual to place him/herself into that categorized social environment (Ashforth & Mael, 1989) . In general, individuals attempt to establish and enhance their positions by affiliating with a group that promotes positive self-images in the social environment (Fisher & Wakefield, 1998) . In addition, identified group members extend support to those individuals who belong to the same group, while alienating those in other groups. This in-group favoritism toward other members, or to the group itself, is evidenced by Fisher and Wakefield (1998) . They found that highly identified respondents indicated extra support for the team during the game, higher frequencies of game attendance, and greater amounts of licensed goods owned regardless of team performance. Madrigal (2000 Madrigal ( , 2001 found that highly identified members expressed intentions to purchase a product from team sponsors irrespective of their attitudes toward that behavior. That is, highly identified fans would purchase from the team sponsors from the sheer notion of what is good for the team (Madrigal, 2000 (Madrigal, , 2001 .
According to Keller's (1993 Keller's ( , 2003 Keller's ( , 2008 ) framework of building customerbased brand equity, an individual first needs to be aware of such products to form any associations (e.g., attitudes, preference, and intentions). In this sense, highly identified individuals may actively attend to brand sponsorships during television broadcast. Therefore, the study attempts to examine the effects of team identification on brand awareness levels.
Research Question 5: What are the effects of team identification on brand awareness levels of virtual advertising?
Measuring Brand Awareness
Researchers have often assessed brand awareness through the use of recall and recognition scales, which test the ability of consumers to remember advertising or sponsorships from memory. Unaided recall requires consumers to generate relevant cues for retrieval as well as perform necessary retrieval tasks cognitively (Zinkhan, Locander, & Leigh, 1986) . Aided recall or cued recall is less demanding for the consumer because they are provided with some specific cues to access the appropriate memory trace or nodes in memory (Leigh, 1984; Leigh & Menon, 1986 Zinkhan et al., 1986) . Recognition is much easier than the previous two methods in that target items are presented along with one or more distractor items to the respondents (Brown, 1976; Leigh, 1984; Leigh & Menon, 1986 Zinkhan et al., 1986) . Thus, recognition is solely dependent upon one's ability to discriminate the correct items from the distractors (Brown, 1976; Lardinoit & Derbaix, 2001; Zinkhan et al., 1986) .
In an advertising recognition test, there are two possible responses (i.e., "yes" or "no") to two types of advertising stimulus (i.e., real or distractor), which create four possible outcomes. First, a "hit" is recorded when an individual responds, "yes" to real advertising. If, however, one fails to recognize the real ad, the response is called a "miss." Another incorrect judgment by a respondent is "false alarm" in which the subject answers "yes" to a bogus advertising stimulus. Finally, a "correct rejection" occurs when the subject says "no" to a distractor.
Further analyses of recognition tests mainly use the hit rate (H) and the falsealarm rate (FA) for adjustments and corrections (Leigh & Menon, 1986) . A hit rate is calculated by the ratio of targets correctly chosen (Tc) to the total number of target stimuli available (T), whereas the false-alarm rate is the ratio of incorrectly chosen items (Dc) to the total number of distractor items included in the test (D) Brown, 1976; Leigh & Menon, 1986) . For instance, a hit rate of 1.0 denotes that the respondent correctly selected all target stimuli in the test set. However, a hit rate of 1.0 would not be a brilliant score unless his or her false-alarm rate is also low. Scores of both 1.0 on both hit rates and false-alarm rates imply that the subject answered yes to all items. When one has a same score on both hit rate and false-alarm rate (i.e., H = 0.3, FA = 0.3), it implies that the responses occurred by chance. Therefore, marketers seek high hit rates and low false-alarm rates from respondents.
According to Churchill (1986, 1987) , recognition tests are criticized for their failure to account for respondents' errors. Shapiro (1994) argued that recognition studies that use only the correct number of responses would be unable to completely understand the human recognition process. He also noted that research that merely counts the number of correct responses may incorrectly conclude that recognition memory is substantial, when, in reality, it was changes in judgment about memory. Previous research in sport sponsorship studies has failed to account for respondents guessing. Therefore, this study will control for the effects of subjects' guessing in recognition tests.
Although there are a plethora of alternative measures to evaluate and correct respondents' sensitivity and biases (see Leigh & Menon, 1986) , Lockhart (2000) suggested a simple solution for correcting recognition research. He argued that a simple measure of hit rate (H) minus false-alarm rate (FA) would suffice. Furthermore, this simple measure has been empirically found to be consistent and to converge with recall measures (Leigh & Menon, 1986) . In this study, this formula will be referred to as "corrected hit rate" or H C .
Method Participants and Research Design
Participants (n = 208) were undergraduate students at a large university located in the southwestern United States. Students were solicited from several physical education classes to participate in the study in exchange for extra credit. Upon entering a computer laboratory/classroom, students were randomly handed one of six different CDs with 24 min of professional baseball game with virtual advertisements embedded. Students were instructed to view the content and answer to the questionnaire administered via Survey Monkey. Students were asked to work independently and to refrain from reviewing the CD while answering questions. The questionnaire contained items addressing the proposed research questions.
To test for the effects of repetition and to control for the effect of brand category, a Latin square design was selected for this study (Figure 1 ). In addition, to test for animation effects, this study used two Latin square designs. Three groups were exposed to an animated version of the video, and three other groups were not exposed to animation. The number of exposures chosen was one, four, and six times within a 24-min CD. Sequence of the 11 brand exposures was alternated so that same brands would not be exposed in succession and to control for the recency effect (see Figure 2 ).
Treatment Stimuli
The stimulus for this study was a 24-min video clip of two innings of a professional baseball broadcast between the Texas Rangers and the Boston Red Sox. With the aid of a virtual advertising company, three brand logos were inserted behind home plate adjacent to existing signage. Each exposure was maintained for 43.3 s, which was the maximum time considering the given resource (each exposure differed by less than one hundredth of a second). The animation effect was a one-time page-peeling effect, which started from left top corner and finished in the right bottom corner. This animation effect was seen when the brands appeared in each exposure for a total of 11 times within the 24-min video. The animation effect was fixed at the above specification after consulting with a virtual advertising executive (K. Overton, personal communication, October 18, 2005) . Background color and the size of the brand logos were the same across product categories in an effort to prevent introducing confounding variables. The broadcast was clipped and edited to shorten the length and reduce tedium for the subjects. Similarly, television commercials were limited to one 30-s commercial between innings, and the content was irrelevant to the treatment.
Three brands were selected within product categories that typically sponsor professional baseball. Three product categories were selected so that two of them would serve as replicates of the study and strengthen our argument. The three product categories selected were automobile, alcohol, and sport apparel. These three product categories were selected as they were typical sponsors of a sport game as evidenced by their ranking in the top ten product categories that invested in sport sponsorship in (Brand Strategy, 2005 . Brand logos were then digitally inserted uniquely onto a canvas behind home plate adjacent to existing stadium signage. Within those respective categories, domestic brands were chosen to control for any potential country-of-origin effect. In addition, previous research has indicated that bias exists in identification of more prominent brands; therefore, less prominent brands within each product category were selected (Johar & Pham, 1999; Johar et al., 2006; Pham & Johar, 2001) . Selection criteria for two of the brands, Icehouse (alcohol) and Champion (sport apparel), was based on the fact that these brands did not rank in the "Top 2,000 Brands," which were scaled on media spending in the United States (Brandweek, 2005; Roy & Cornwell, 2004) . The third brand selected, Mercury (automobile), was ranked in "Top 2,000 Brands" by Brandweek (2005) ; however, it was one of the lowest media spending brands within the domestic automobile category.
Survey Instrument
A questionnaire was constructed, based upon a review of the relevant literature and research questions, to measure the brand awareness fostered by virtual advertising in a sport broadcast. First, several questions related to the content of the game were asked to measure subjects' attention to the game. Then, unaided recall questions were asked, followed by aided recall and recognition tests. For unaided recall, respondents were asked to list the names of brands from scratch. A prompt of a product category was used as a cue for aided recall and five distractors were provided for each product category in the recognition tests. Next, baseball involvement was measured using Zaichkowsky's (1994) 10-item Personal Involvement Inventory (PII) scale. Items in PII scale were measured using 7-point semantic differential scale. Team identification was measured using Trail and James' (2001) Team Identification Index. These items were scaled on a 7-point Likert-type scale ranging from strongly agree (7) to strongly disagree (1). Then, the subjects were asked single demand artifact question adopted and modified from the work of Leigh (1984) . Demand artifacts occur when an individual suspects, interprets, and behaves in a way that he or she believes is expected or desired by the researcher (Sawyer, 1975) . Previous research has reported its effects on the dependent variable and the need for its control in experimental studies (Sawyer, 1975; Shimp, Hyatt, & Snyder, 1991) . For the demand artifact question, respondents answered whether they had attempted to memorize the sponsors of the game on a 7-point Likert-type scale ranging from strongly agree (7) to strongly disagree (1). Finally, relevant demographic questions were asked. The online questionnaire was configured to prevent respondents from attempting to go back to previous questions.
A panel of experts then assessed the initial survey to judge its relevance, representativeness, and clarity. They were also asked to provide suggestions for improvement to the instrument. The panel consisted of one marketing professor and one sport management professor. In addition, 20 graduate students in a sport marketing class watched the video and evaluated the survey for its face validity. Students in this class were asked to rate the quality of the stimulus as well as to comment on the items' clarity. After these procedures, the questionnaire was modified based on the feedback from the panel and the students.
Pilot Test
A pilot test was undertaken to determine whether the stimulus and the instrument were acceptable. The sample for the pilot study was 70 undergraduate students enrolled in a sport management class. These respondents participated in the study using a procedure similar to the main study. The results presented problems for analyses using the Latin square design. Latin square design usually calls for the use of analysis of variance (ANOVA; Ott & Longnecker, 2000) . Leigh's (1984) work on recall and recognition of umbrella ads used a dichotomous dependent variable, in which he conducted an ANOVA and an analysis of covariance (ANCOVA) on the basis that both methods are robust analyses if the dependent variables are between .25 and .75 (Knoke, 1975) . The pilot study could not meet the assumption set forth by Knoke (1975) ; thus additional questions regarding brand involvement (Champion, Icehouse, and Mercury) were incorporated in the actual study (PII) to control for their potential effects (Zaichkowsky, 1994) . Other than these corrections, the study was carried out as planned after some minor modifications.
Data Analysis
To answer the research questions for this study, descriptive statistics, logistic regression analyses, and ANCOVA were conducted. Since unaided recall and aided recall rates were dichotomized, they were assessed using logistic regression. ANCOVA was used to assess the Latin square design for recognition measures (H C ) while controlling for other factors, and dichotomized hit rate was assessed using logistic regression.
The alpha reliabilities for baseball involvement, Rangers team identification, and Red Sox team identification were .92, .94, and .95, respectively. Mean scores (out of 7) for these three variables were calculated and they were 4.70 (SD = 1.37), 2.37 (SD = 1.68), and 1.61 (SD = 1.15) respectively. Alpha coefficients for the brand involvement factors (Icehouse, Mercury, and Champion) were .93, .91, and .88, respectively. Accordingly, the mean scores of the retained factors were calculated for subsequent analyses.
Data analyses for the research questions included the use of logistic regression. Furthermore, to understand the significant increase of relevant factors, sequential logistic regression analyses were adopted. Three separate analyses were conducted for each brand for unaided recall, aided recall, and hit rates. Since animation and repetition variables were manipulated in the experiment, these two variables were entered in the latter steps of the analyses. First, items intended to control for the effects of demand artifact and brand involvement along with baseball involvement item, and team identification items (Rangers and Red Sox), were inserted as the first set of variables. The next block contained two dummy-coded variables for repetition and a dummy-coded variable for animation. In one of the dummy-coded variables for repetition, a numeric value of one was assigned to those subjects who were exposed to four repetition of the brand and a zero for others and for another variable, a numeric value of one was assigned to those subjects who saw six repetitions and zero was assigned to the others. For the dummy-coded variable for animation effect, a numeric value of one was assigned to those subjects who were exposed to the animated version of virtual advertising, and a zero was assigned to subjects exposed to the still form. Finally, two interactive dummy-coded variables (repetition × animation) were inserted as the last set.
Results
The findings of this investigation are presented as follows: (a) descriptive statistics, and (b) analysis of the research questions.
Descriptive Statistics
The sample (n = 208) included undergraduate students from a large southwestern university in the United States. Respondents of this study consisted of 48.6% males and 51.4% females with most of them being White (79.1%). The average age of the sample was 19.79 years (SD = 1.89). The sample included students from all years (i.e., freshman, sophomore, junior, senior) and from different disciplines on campus. In addition, three game-content questions revealed that most of the subjects had paid attention to the game (i.e., 90% of respondents had correctly answered to these items). For the demand artifact question, 90% of the subjects reported they did not pay close attention to the sponsors. Mean score for this question was 2.04 (SD = 1.47).
Frequencies of all awareness measures were calculated for the sample. The numbers of correct responses and percentages by groups are listed in Table 1 . Next, alternative measures of recognition (corrected hit rate [H C ]) were calculated and are presented in Table 2 .
Analyses of Research Questions
The analyses of the research questions were conducted using sequential logistic regression analyses and ANCOVA. First, analyses of unaided recall are presented followed by aided recall and recognition. The results of these analyses are presented in Tables 3, 4 , and 5.
Unaided Recall. Results suggest that the first set of items had significant effects on unaided recall rates of Champion (| 2 (5) = 12.467, p = .029), Icehouse (| 2 (5) = No main effects for animation were found in all three analyses. The last block, which assessed the effect of the interaction between animation and repetition, did not have a significant chi-square change for all three brands. This model explained 20.5% of variance of Champion, 16.4% of variance of Icehouse, and 16.6% of variance of Mercury (all effect sizes are reported using Nagelkerke's R 2 ). The next block examined the effects of repetition and animation. Results suggest a significant effect of items on Champion (⊗| 2 (3) = 16.348, p = .003). Four repetition of the brand Champion increased subjects' aided recall rates by more than eight times (Exp(b) = 8.665, p < .01). The final block containing items assessing the interactive effects was not significant for all three brands. Thus, no interpretations were made. The model explained 22.4% of variance of Champion, 15.3% of variance of Icehouse, and 16.2% of variance of Mercury.
Hit Rate. Results suggest that the first block had a significant effect on hit rates for Champion (| 2 (5) = 17.804, p = .003), Icehouse (| 2 (5) = 19.118, p = .002) and Mercury (| 2 (5) = 29.148, p < .001). The results indicate a significant effect of respondents' demand artifact on recognition of Champion (Exp(b) = 1.272, p < .05) and Mercury (Exp(b) = 1.661, p < .001). Marginal effect of demand artifact was found for the brand Icehouse (Exp(b) = 1.208, p < .10). Brand involvement with Champion had a significant effect on the dependent variable (Exp(b) = 1.457, p < .05). In addition, baseball involvement had a significant effect on subjects' ability to recognize Icehouse (Exp(b) = .770, p < .05) and Mercury (Exp(b) = .763, p < .05) with all others equal. For the brand Champion, baseball involvement had a marginal effect on recognition rates (Exp(b) = .798, p < .10). In addition, team identification with the Texas Rangers had a significant effect for Icehouse (Exp(b) = 1.271, p < .05) and a marginal effect for Champion (Exp(b) = 1.188, p < .10).
The next set of variables was entered to assess the main effects of repetition and animation. The results indicated no significant effect, but a marginal effect on hit rates of Icehouse (⊗| 2 (3) = 7.744, p = .052) and Mercury (⊗| 2 (3) = 6.924, p = .074). The results from analysis of Icehouse revealed that respondents who saw six exposures of the brand recalled the brand better than others in the sample (Exp(b) = 2.930, p < .01). For Mercury, results suggested a significant effect of four repetition (Exp(b) = 2.829, p < .05) and six repetition (Exp(b) = 2.716, p < .05) on hit rates. Lastly, adding the final block containing the interaction items was not significant in predicting hit rates of Champion, Icehouse, and Mercury. The model explained 11.3% of variance of Champion, 17% of variance of Icehouse, and 23% of variance of Mercury.
Corrected Hit Rate. To test for the effects of repetition, animation, baseball involvement, and team identification variables, a two-way mixed ANCOVA was conducted. The results of this analysis are presented in Table 6 . First, assumptions for the ANCOVA were checked for the acceptability of its use (i.e., linearity, homogeneity of regression slopes, correlations among covariates). Based on the findings, it appeared that all assumptions were met; thus, the analyses were conducted. Dependent variables for the analyses were corrected hit rate for the number of exposures. Data were reorganized for this purpose. These three variables were inserted as the within-subjects factors, and animation was entered as the betweensubjects factor. In addition, demand artifact item, brand involvement items, baseball involvement item, and team identification items were inserted in the equation as covariates. Levene's test of equality of error variances, Box's test of equality of covariance matrices, and Mauchly's test of sphericity did not pose any problems for proceeding with the analysis (p > .05).
The results suggested no effect in multivariate analysis. In univariate test of within subjects, a marginal interaction effect between baseball involvement and repetition (F(2, 388) = 2.571, p = .078). Further analysis of test of within-subjects contrast indicated that this relationship was a linear relationship. From the parameter estimates, assumptions can be made about the interaction. It seems that when a brand appeared four times, greater involvement with baseball marginally decreased the corrected hit rates (b = -.056, p = .051) and for those brands that appeared six times, greater baseball involvement further decreased the likelihood of recognition (b = -.082, p = .004). The effect size of the interaction of these factors was minimal (repetition x baseball involvement  2 = .013). In addition, univariate test of between subjects found that demand artifact was a significant predictor (F(1,194) = 12.224, p = .001). Although effect size was small ( 2 = .059), further analysis revealed that demand artifact had a positive influence on four (b = .077, p = .002) and six exposures (b = .073, p = .003) of corrected hit rates. 
Discussion
The purpose of this study was to explore the brand awareness levels of virtual advertising in sports. Furthermore, the study attempted to gain a better understanding of the impact of antecedents of brand awareness on virtually inserted ads within a sport broadcast. The four antecedents were animation, repetition, baseball involvement, and team identification. Animation and repetition were manipulated and presented to different groups to explore their effects on virtual advertising. Baseball involvement and team identification were also included to investigate their effects on brand awareness of virtual advertising. The first research question assessed the effects of animation on brand awareness levels. Based on the findings, it appeared that there were no significant effects of animation on viewers' levels of awareness of virtual advertising. This is consistent with Drèze and Hussherr's (2003) finding that animation of a banner in an online environment did not increase awareness. This nonsignificant finding is an important contribution of this study. A couple of explanations can be derived from this result. First, the reason for the failure to detect significance may be that the novelty of animation had worn out for most of the respondents. According to Tellis (2004) , technology in advertising lasts only for a short period of time because of rapid imitation by competitors. Tellis (2004) reported that response rates for banner advertising were 10% when it first appeared on the Internet. However, reports show that due to heavy usage, the response rate declined to 1% by 2002 (Tellis, 2004) . This may be the reason for differences between significant findings (Li & Bucovac, 1999) and nonsignificant findings (Bayles, 2002; Drèze & Hussherr, 2003; current study) . This sample of college students, who are most likely technologically savvy, might have become used to watching animation effects either on television or the Internet and no longer consider them something that "pops-out" in their viewing experience. An alternative explanation may be that the respondents became accustomed to watching sponsorship signage in sports and thus they may have learned to ignore irrelevant peripheral information even if there is an animation effect.
The second research question assessed the effects of repetition on brand awareness levels. With respect to repetition effects, virtual advertising seemed to wear-in immediately for all unaided recall, aided recall, and recognition rates in all groups. These findings are consistent with previous studies in the past that found subjects were able to recall with one exposure to the stimuli (Cacioppo & Petty, 1979; Pechmann & Stewart, 1988; Ray & Sawyer, 1971) . For unaided recall, with the exception of Mercury, exposing brands either four times or six times generated greater unaided recall rates, which were at least three times more likely than showing brands only once. These findings are similar to those of Ray and Sawyer's (1971) and Singh and Cole's (1993) studies that identified a linear relationship between recall and number of exposures. Although total unaided recall rates were low, multiple exposures of virtual advertisements left substantial traces in respondents' memories.
For aided recall, subjects who saw Champion four times recalled the brand significantly better than those with one or six exposures. Effects of repetition were not present in other brands. With regard to aided recall rates, this type of measure is oftentimes greater than those for unaided recall (Leigh, 1984; Leigh & Menon, 1986 : Zinkhan et al., 1986 . However, in the current study, the contrary occurred. Some respondents may not have had the prior experience linking the brand to the product category. Thus, readers should exercise care when interpreting the results of aided recall.
In terms of hit rates, although effects were marginal, four exposures of Icehouse, and both four and six exposures of Mercury had a greater likelihood of being recognized. These results support the previous finding that recognition measures improved with number of repetition (Danaher & Mullarkey, 2003; Drèze & Hussherr, 2003; Grohs et al., 2004; Singh & Rothschild, 1983) . In addition, these results indicate that repetition of virtual advertising affects all aspects of viewers' awareness similar to other marketing communication media. However, when controlling for false-alarm rates, effects of repetition of brands on brand awareness diminished. This indicates that several respondents had mistakenly associated filler companies as actual sponsors of the game. This research does not address the extent of the effects of false-alarm rates; however, future research should investigate the effects of, and control for, false-alarm rates in advertising and sponsorship studies in sport settings.
The third research question assessed the potential interaction effect between animation and repetition on brand awareness levels. No effect was detected for this specific research question in measures. This may be due to animation effect being subtle during the broadcast or because of aforementioned reasons for main effect of animation.
The fourth research question assessed the effects of baseball involvement on awareness levels. Baseball involvement was found to marginally decrease the likelihood of unaided recall rates of both Icehouse and Mercury. For aided recall rates, baseball involvement was shown to significantly decrease the aided recall for both Icehouse and Mercury. In terms of hit rates, marginal effect was detected for Champion and significant effects were found for both Icehouse and Mercury. These results show that an increase in baseball involvement led to a lesser likelihood of recall. This is contradictory to Lardinoit and Derbaix's (2001) findings, but is consistent with d 'Ydewalle et al.'s (1988) study in which more involved viewers paid less attention to the stadium signage. Viewers with higher levels of baseball involvement tend to focus more on the game itself rather than on peripheral information. Although, virtual advertising is located in a unique place, highly involved baseball fans were not aware of these marketing tactics.
With regard to corrected hit rates (H C ), a marginal interaction effect of repetition and baseball involvement was detected. Results suggest that with the increase in viewers' involvement with baseball in addition to the frequency of exposure of virtual advertising, there is a lesser tendency of respondents' ability to recognize the brand. This is a unique and interesting finding of this study. This may be due to the fact that more involved subjects are focused on the game or they are used to seeing signage behind home plate that they no longer pay attention to peripheral information with multiple exposures.
The fifth research question assessed the effects of team identification with the Texas Rangers and the Boston Red Sox on brand awareness levels. The results suggest significance with regard to team identification. Team identification with the Rangers was found to increase the aided recall rates for Champion and the hit rates for Icehouse. In addition, there was a marginal effect of Rangers team identification on hit rates of Champion. No evidence was found for team identification with the Red Sox. Results suggest fans may actively look for sponsors that support their identified team. This is an interesting finding given the fact that baseball involvement decreased the likelihood of brand awareness. Results suggest that identified fans used a different information-processing scheme when watching the broadcast. Future studies may want to (a) explore the differences of these two constructs and (b) examine the extent to how these two constructs work in the minds of sport consumers.
However, care must be exercised for generalization of this finding as most of the subjects in this study indicated low identification with the two teams. Different results may be present with different sample of fan who highly identify with a particular team. Because the effects of team identification were not found consistently, caution is suggested when interpreting and generalizing to other settings.
The single constantly effective factor predicting viewers' awareness levels was the individuals' demand artifact during the experiment. This factor was significant (or with marginal effect) in most of the analyses (with one exception being aided recall of Champion), consistently increasing the likelihood of recall and recognition. This factor was included in this study because demand characteristics need to be controlled when conducting experiments (Sawyer, 1975; Shimp et al., 1991) . Given the artificial setting of this study, subjects memorizing the sponsors of the event is somewhat expected. Nonetheless, in the current study, main effects (repetition, baseball involvement, and team identification) were present despite this tendency, which we believe are important contributions to the field of sport marketing.
Managerial Implications
We propose some managerial implications based upon the results of this investigation. For example, animation effects did not have any influence on brand awareness levels. These nonsignificant findings suggest that it may be safe not to use any animation effect as it may evoke negative attitudes from viewers. This may be particularly true among baseball purists, who may view new marketing activities and brands that use such tactics in a negative light. This is evidenced by the number of protests against the cross-promotion of baseball and the movie "Spiderman 2" (Rovell, 2004) .
Repetition effects were found to affect both recall and recognition of virtual advertising. Sport marketers should consider purchasing a unique signage location with the use of virtual advertising where one can expect multiple exposures within a broadcast. In addition to purchasing signage, sport marketers may want to reinforce the association of their brands with the sport property using other communication media (e.g., in-game announcement, television commercials) so that the fans do not inaccurately identify other companies as sponsors.
Baseball involvement decreased the likelihood of awareness levels in this study. However, sport marketers may be able to reach this segment by creating an additional promotion that is related to the actual game. Companies may want to consider investing in a sponsorship program in a broadcast where it presents fans with statistics of the game. Highly involved fans would most likely pay attention to these types of information. Other examples would be the use of media mentions during the game, providing viewers with trivia questions related to the team or to baseball, or product giveaways.
On the other hand, team identification was found to increase recognition on several occasions. This is a good finding as relevant literature indicates support of highly identified fans toward team sponsors. Companies may want to expose their brands using virtual advertising as much as possible since these fans actively seek out sponsors that benefit the team. Furthermore, companies may want to reinforce their association with the team using additional promotions and consider investing their money on teams with a larger fan base, especially those with highly identified fans (e.g., Boston Red Sox, New York Yankees, Chicago Cubs).
Limitations of the Study
The sample was limited to students at one university in southwestern United States, a convenient sample of university students. This sample may not be representative of baseball consumers. Future studies should aim to collect information from samples that reflect the general baseball audience.
Another obvious limitation is the lack of ecological validity. This study was conducted in a laboratory setting, which limits generalizability of the findings. The length of the video may have brought additional confound to the study. Although most of the subjects had responded correctly to the game-content questions, it seems difficult to pay close attention to the game for the whole duration of the video. It is a possibility that this small contingent of subjects lead to speculation that one may not have watched the video in its entirety. Indeed this is an assumption of experimental research; future studies may want to consider using a deception story to increase subjects' attention to the game content. In addition, the quality of the videos may not have been professional grade. Some viewers may have noticed the degraded quality of virtual advertising in the stimuli, potentially making them aware of the content of the study.
The placement of virtual advertising was limited to the canvas behind home plate. Other unique placement of virtual advertising may create different awareness levels for other subjects. Furthermore, physically existing signage took up the majority of the canvas behind home plate. Most virtual advertising displays are currently shown in an isolated area behind home plate. The existing signage may have affected viewers' learning experience.
The animation effect took place only when the brands were introduced on screen. Within 24 min of video time, there were 11 opportunities to watch the animation effect for those in the animation group. In addition, the animation effect did not include a game enhancement feature. First down lines in NFL or college football are sometimes drawn by a brand sponsoring the event. Since the brand helps enhance the viewing experience of consumers, it may leave stronger trace in one's memory. Thus, generalization for this study should be limited only to brand logos appearing for commercial purposes.
Sponsors of the game usually have additional advertising/sponsorship opportunities during the television broadcast (e.g., television commercial, in-game announcements). This study was limited to the effects of virtual advertising within the actual broadcast. Thus, the coordinated media effect remains unknown.
The content of the video was from 2002. With the current fluidity of players in the Major League Baseball, several players belong to different teams than at the time of the study (e.g., Rafael Palmeiro from Texas Rangers to Baltimore Orioles; Alex Rodriguez from Texas Rangers to New York Yankees). In addition, some players had off-the-field problems before the study, and one of the players was an alumnus of the subjects' university. The stadium has been renovated, and the section behind home plate has changed since 2002. Therefore, viewers may have watched the video with greater interest and intensity than they usually watch baseball games. These factors may have swayed the subjects' attention more to the game than usual resulting in different awareness levels of virtual advertising.
The study used three brands from three different product categories (automobile, beer, sport apparel). Although these were typical sponsors of a baseball game, other brands or other product categories may yield different responses. Researchers should explore the potential effects in future studies.
Lastly, the sample was neither fans of the Texas Rangers nor the Boston Red Sox. Furthermore, the sample did not seem to be avid baseball fans. Effects of baseball involvement and team identification usually occur when fans are highly involved with a sport or identified with a team. Thus, future research should investigate the brand awareness levels of highly involved and/or highly identified fans. Such research should provide both practitioners and scholars with valuable information with regard to effectiveness of virtual advertising.
Future Research Directions
In relation to virtual advertising, future research should consider other sports that may use it as an alternative means of communication. One such sport may be basketball. For example, regional coverage of Texas Tech University's men's basketball broadcasts is inundated with virtual advertisements. Placing virtual advertisements in different sport settings may raise additional research questions regarding their effectiveness.
The animation effect in this study appeared only when ads first appeared in the broadcast. Constant animation of brand logos may generate different responses from viewers. Furthermore, virtual advertising with animation effect allows sport marketers to deliver corporate messages to consumers in sentences. With normal virtual advertising or sponsorship signage, the messages are usually the brand logo or at the longest one or two words. However, longer messages can be delivered with the use of animation effect of virtual advertising. They can be scrolled on the canvas or they can dissolve in and out of the canvas, creating sentences. Future studies should consider its effect on consumers.
In addition, exploring viewers' perceptions of combinations of virtual advertising should be considered. That is, broadcast companies have combined virtual game enhancement technology (e.g., virtual first down line in football) and commercial virtual advertising to increase effectiveness. Brand logos that help draw the virtual first down yard line or help indicate the speed of a pitch might evoke different awareness levels as well as different emotions than strictly commercial purpose virtual advertisements.
From a methodological standpoint, the survey was administered immediately after the subjects were exposed to the stimuli. The differences between immediate awareness and delayed awareness (e.g., day-after-recall) remain unknown. Singh, Rothschild, and Churchill (1988) reported that recognition decays over time, but very slowly. On the other hand, recall rates of advertising need consistent reinforcements (Krugman, 1972) . Therefore, as time differences may affect recall and recognition differently in the virtual advertising context, future research should consider this factor.
To achieve ecological validity, future research may want to explore conducting the study in a real world setting. For instance, examining brand awareness levels at a home party or at a sport bar, where most of the sport viewing occurs, may provide interesting findings. This will certainly bring additional confounds to the study; however, researchers should be able to obtain the ecological validity needed.
Attitudes should be measured along with awareness levels to determine the acceptability of virtual advertising for brands (or companies) that use the medium to reach consumers. Some people may notice the virtual ads on television; however, they may perceive them to be annoying and deceiving rather than conveying brand related information. Bennett, Ferreira, Tsuji, Siders, and Cianfrone's (2006) study suggested that viewers do not perceive them as intrusive or deceptive. However, their study was conducted in a football broadcast without animation or repetition effects. These different factors may pose different effects and outcomes.
In conclusion, this study assessed the effects of animation, repetition, baseball involvement, and team identification on awareness levels of virtual advertising in sports. The results showed effects of repetition, baseball involvement, and team identification on awareness levels. Multiple exposure of virtual advertising increased respondents' brand awareness levels. Baseball involvement decreased the likelihood of awareness and team identification increased the levels of brand awareness. Animation, on the other hand, did not influence respondents' awareness levels. This study was an initial attempt to determine the antecedents to brand awareness of virtual advertising in a controlled experimental setting. Further research of this communication method should provide additional contributions to the field of sport marketing.
